In the last few years, the rapid development of gamma-ray observations has open a new window on X-ray binaries (XRBs) sources. In this talk we introduce a new lepto-hadronic model that is based on successful work fitting the lower energy, broadband spectra of XRBs in the compact jetdominated state. Protons (and electrons) are accelerated throughout the jet and cool via radiation and inelastic collisions, and we calculate spectral energy distributions (SEDs) including both hadronic and leptonic induced processes. This model can also be scaled to describe the SEDs of low-luminosity active galactic nuclei such as our own Galactic Center black hole Sgr A*.
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Introduction
The content of jets of accreting black hole systems remains an open question. Successful analyses of multiwavelength observations, from radio to X-rays, of different sources with only leptonic radiative processes have made the leptonic jet model the most favoured jet emission model. However, analyses of the cosmic ray spectrum show the proton as its dominant component, which means that somewhere in the Universe exist sources capable of accelerating hadrons to very high energy. Jets from accreting black holes are considered as one of the possible candidates of such acceleration sites. That and the recent detection of baryons in 4U1630-47 [8] encourage us to revise the traditional leptonic model of emission and to consider the contribution of hadronic processes to the overall radiation.
A large volume of published studies examine the contribution of hadronic processes in AGN jet emission (e.g. [6, 3, 23, 34, 20, 29, 4] ). Over the past few years, several groups (e.g. [36, 5, 30, 37] ) have adapted these hadronic models of AGN jets to XRB jets. These studies all share the common approach of modelling only the non-thermal emission from the jet. However, the fundamental plane of black hole accretion [28, 12, 33] as well as works based on general relativistic magnetohydrodynamical (GRMHD) simulations [26, 27, 2, 9] support the idea that accretion discs, bases of jets and jets themselves are all connected, forming one inflow-outflow system. To understand the power in jets and their content, and to model multiwavelength observations of accreting black holes, it is therefore essential to study the system as a whole, thermal and non-thermal sources of emission from the accretion disc and the jets altogether.
The aim of this talk is to present a new spectral model which calculates continuum emission from lepto-hadronic processes occurring in accreting black hole sources from thermal and nonthermal particles distributions. Our work is based on a leptonic jet model which has been successful in fitting the lower energy, broadband spectra of XRBs in the compact jet-dominated state as well as spectra of low-luminosity (LL) and Fanaroff-Riley Type 1 (FR I) AGN [25, 24, 21, 22] .
Spectral model of jets
The lepto-hadronic spectral jet model used in this work is based on a leptonic jet model developed by [25] (see also [11, 10, 13] ). Accelerated protons interacting with their surroundings naturally produce photons with energies in the gamma-ray range. With the development of gamma-ray observatories, we have the opportunity to test the nature of accreting black hole jets by comparing the resulting emission from leptonic versus lepto-hadronic models. And so, we modify the original leptonic model to incorporate additional physics. These modifications allow us to investigate the contribution of each population of particles in the jet to the overall emission in general, and to the gamma-ray band in particular.
The details of the physics and the description of the main parameters of the original leptonic model are presented in the appendix of [25] . Only a brief summary is given here, with a focus on the modifications made to incorporate the treatment of hadronic emission.
In our model, the jets are launched perpendicularly to the plane of the accretion disc, as shown in Figure 1 . In cylindrical coordinates, the z-axis is taken as the symmetry axis of the jet and θ is the angle this axis makes with the line of sight. A nozzle of constant radius r 0 and height h 0 acts as
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A new multiwavelength lepto-hadronic model of astrophysical jet emission Samia Drappeau the base of the jet. Beyond, the jet expands sideways adiabatically, until a maximum height z max .
The model does not explicitly treat particle acceleration. Instead, it assumes a location z sh along the jet beyond which a significant fraction of the leptons and hadrons are accelerated to a power-law energy distribution. The radius r 0 and the height h 0 of the nozzle, and the location z sh are some of the seven main parameters determining the properties of the jet. The others are the input jet power N j , the temperature T e of the relativistic thermal electrons entering the base of the jet and the equipartition factor k, representing the ratio between magnetic and particle energy densities. The ion-to-electron temperature ratio T i /T e completes this list.
Hadronic emission
As already noted, the model does not explicitly treat particle acceleration. It assumes that beyond a location z sh in the jet, a fraction of the thermal Maxwell-Boltzmann distribution of particles is accelerated to a power-law distribution. Regarding the protons, we follow the findings of [7] and inject a power-law distribution in momentum instead of energy. These accelerated protons can reach a maximum momentum given by the balance of acceleration and cooling losses. By equating the acceleration rate and the cooling rate, given by [3] , we express the maximum momentum pc max a proton can get accelerated to in the jet. Accelerated protons in jets mainly cool via inelastic collisions with matter and radiation. Synchrotron and Compton cooling can also be considered,
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A new multiwavelength lepto-hadronic model of astrophysical jet emission Samia Drappeau although, in the present version of the code, these interactions have not been implemented yet for the protons. Protons have another constraint on the maximum momentum they can attain which is given by the Hillas criterion [14] . The criterion stipulates that only protons with gyroradius r gy not exceeding the size of the acceleration region remain confined in the jet. Therefore, the maximum momentum attained by the accelerated protons in the jet is the minimum between the momentum given by equating the acceleration and cooling rate and by the Hillas criterion. Accelerated protons interacting via inelastic collisions with matter and radiation fields, create secondary particles. Several groups have worked on expressing the resulting spectrum of these secondary particles. [18] provide useful parametrisation of energy spectra of all secondary particles produced in proton-proton interactions. Their results were obtained by fitting the spectra of secondary particles produced in proton-proton inelastic collisions simulated by the SIBYLL code. However, their simple analytical approximation is only valid for energies above 100 GeV. [15] (and its extension [16] ) present parametrised formulae allowing the calculation of cross-sections as well as spectra of stable secondary particles of proton-proton interactions for proton energies from the pion production threshold up to 10 5 GeV. Again, up-to-date Monte-Carlo simulations have been used to derive these parametrisations. The work of [15] improves the parametrisation of the crosssection near the pion production threshold by incorporating two baryon resonance excitations: the ∆(1232) resonance and the resonances around 1600 MeV/c 2 .
Because it models the cross-section more accurately near the pion production threshold, we chose to use the parametrisations of [15] , and its extension [16] , to model the proton-proton interactions occurring in our jets. Finally, to express the energy distribution of photons, electrons and neutrinos produced in interactions of relativistic protons with a radiation field, we use the simple analytical parametrisations provided by [17] .
One major modification done to the leptonic version of the jet model consists of determining the steady-state energy distributions of the secondary electrons and positrons to calculate their synchrotron and inverse-Compton scattering radiation. These distributions are assumed to be isotropic. All the calculations of energy distributions and luminosities are done in the jet frame, except in the case of proton-proton interactions. In this case, it is important to derive the proton distribution in the jet as seen by the observer, when we calculate secondary particle distributions. This is due to the fact that the parametrisations of the interaction cross-section and decay functions are expressed in the observer frame.
While the accelerated protons can interact with radiation fields naturally provided by leptonic interactions, stellar or disc emission, accreting black holes need an external source of thermal protons to give rise to γ-ray emission from proton-proton interactions. High-mass X-ray binaries are ideal candidates for this situation. The stellar wind of their massive companion star can be strong enough to reach and interact with the jets. The thermal protons of the wind interact with the relativistic protons in the jets, producing γ-ray photons with energy above the GeV range. If the wind is clumpy, the rate of proton-proton interactions may increase temporarily, resulting in γ-ray flares (see e.g., [31, 1, 35, 32] ). However, our work focuses on the steady-state emission of an accreting black hole in a weakly accreting state, we thus choose to model the stellar wind of the companion star by a stationary spherically symmetric wind [19] .
To summarise, based on useful parametrisations by [16] and [17] , we have developed routines that calculate the spectra of photon, electron/positron and neutrino secondary particles from
A new multiwavelength lepto-hadronic model of astrophysical jet emission Samia Drappeau proton-proton and proton-γ interactions. Then, we have implemented these routines in a modified version of the original leptonic model [25, 21] , where the protons are now accelerated alongside the electrons in the jets. We have also added a simple stellar wind model to account for cases where the companion star produces a powerful wind which interacts with the jets. Finally, the new jet model produces steady-state spectral energy distributions which include both hadronic and leptonic induced processes from secondary electrons and positrons as well as primary particles. Fig. 2 presents an example of SED procuded by the model.
Conclusion
This talk presents a new spectral model which calculates the continuum emission from thermal and non-thermal lepto-hadronic processes occurring in jets from accreting black holes. Our work consisted of modifying a successful leptonic jet model, to account for proton acceleration along the jet and its resulting emission. One of the modifications done to the leptonic jet model was to calculate the steady-state energy distribution of the protons along the jets. The distribution of primary protons was then fed to hadronic routines we developed and implemented in the model. These routines calculate the energy distributions of the photons, electrons, positrons, and neutrinos from
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A new multiwavelength lepto-hadronic model of astrophysical jet emission Samia Drappeau proton-proton and proton-photon interactions. Their kernels are based on two useful parametrisations of the spectra of secondary particles from hadronic interactions available in the literature. Finally, the steady-state energy distributions of the secondary electrons and positrons are derived to calculate their contribution to the overall spectrum. Our goal is to use this new spectral model to analyse broad-band spectra from radio to γ-rays of X-ray binary as well as LLAGN and FR I sources. By providing the community with predictions for the electromagnetic emission as well as neutrino signals of accreting black holes, this work allows us to perform more rigourous multiwavelength analyses and opens the door to pioneer multi-messenger analyses of these objects.
